When present, this muscle replaces Osborne's ligament and spans from the medial epicondyle of the humerus to the olecranon process of the ulna and serves as the roof of the cubital tunnel (Fig. 1) . Several case reports and case series have reported cubital tunnel syndrome secondary to an anconeus epitrochlearis. 8, 9, 13, 15, 19 It is not an infrequent variant, and if it is truly a risk factor for ulnar neuropathy, then one would expect it to be frequently reported. On the contrary, however, reports of ulnar neuropathy secondary to the presence of an anconeus epitrochlearis are limited to case reports and small case series. We hypothesized that by replacing Osborne's ligament with a more forgiving muscular structure, the anconeus epitrochlearis, the risk of developing cubital tunnel syndrome may actually be reduced. We further hypothesized that when the presence of an anconeus epitrochlearis contributes to ulnar neuropathy, it would be secondary to muscular hypertrophy, making it more likely to occur in the dominant arm. Therefore, the present study was performed to evaluate these hypotheses.
Methods

Study Design
This retrospective cohort study was approved by the institutional review board at the University of Michigan. Adult patients who underwent an initial operative intervention for ulnar neuropathy at the cubital tunnel between January 2005 and December 2014 were maintained in a prospective database. All adult patients (age ≥ 18 years) in the database were included in the study. Only patients undergoing initial surgery were included. Redo operations were not included in the current study. Two surgeons performed all of the operations included in this study. The medical records were then reviewed for each of these patients, and the variables and outcomes of interest were documented.
The control group of asymptomatic patients was derived from the existing medical literature. A PubMed search was performed using the search terms "accessory anconeus" and "anconeus epitrochlearis." All results were reviewed for series that reported the prevalence of an anconeus epitrochlearis in asymptomatic individuals. Within the search results, all cited papers were also reviewed for series reporting prevalence. All papers reporting the prevalence of an anconeus epitrochlearis in asymptomatic individuals, whether by cadaveric study or MRI, were included.
Operative Details
Both surgeons performed open neurolysis of the ulnar nerve with or without transposition. The nerve was ex- plored and decompressed from the medial intermuscular septum through the nerve's exit from the cubital tunnel. The entrance to the cubital tunnel was visually inspected and, when present, an anconeus epitrochlearis was noted. Transposition was performed at the discretion of the surgeon with varying indications.
Outcome of interest
The primary outcome of interest was the presence of an anconeus epitrochlearis in asymptomatic individuals versus patients with cubital tunnel syndrome. Both surgeons consistently reported in the operative report whether an anconeus epitrochlearis was encountered at the time of surgery.
variables of interest
The variables abstracted from the medical record included age at the time of operation, sex, operation performed, presence of an anconeus epitrochlearis, operated side, dominant hand, and whether the ulnar nerve demonstrated evidence of subluxation on examination.
Statistical analysis
Statistical analysis was performed using commercially available software (SPSS, version 22; IBM Corp.). Quantitative data with normal distributions were expressed as the mean ± standard deviation, and data that did not meet the normality assumption were expressed as the medians and interquartile ranges. Univariable comparisons of the continuous variables with a normal distribution were assessed using 2-sample t-tests, and continuous variables not meeting the normality assumption were assessed using the Mann-Whitney U-test. All categorical data were assessed using the chi-square test or Fisher exact test, as appropriate. A p value < 0.05 was considered statistically significant for all analyses.
results
The demographic and surgical characteristics of the 168 patients included in the study are shown in Table 1 . The majority of patients were male. Surgery was performed with nearly equal frequency in the left versus right arm and the dominant versus nondominant arm. Subluxation of the ulnar nerve was present in 12.5% of cases. The majority of patients underwent in situ ulnar nerve neurolysis.
Among the study population who underwent ulnar nerve decompression, 9 patients were found to have an anconeus epitrochlearis at the time of surgery. One surgeon encountered an anconeus epitrochlearis in 4 of 68 operations, and the other surgeon encountered an anconeus epitrochlearis in 5 of 100 operations. Table 2 shows the demographic characteristics and surgical details for those patients who had an anconeus epitrochlearis and those who did not have this anatomical variant. There were no differences in age, sex, or operated side. Subluxation of the ulnar nerve was present in 0 of the 9 patients with an anconeus epitrochlearis versus 21 of the 159 patients (13.2%) without an anconeus epitrochlearis, although this did not reach statistical significance. There was a trend toward patients with an anconeus epitrochlearis undergoing neurolysis only. Finally, patients with an anconeus epitrochlearis were more likely to undergo surgery on the dominant arm versus those without an anconeus epitrochlearis. Of the patients who underwent an operation for cubital tunnel syndrome and had an anconeus epitrochlearis, 8 of 9 patients had the dominant arm operated on.
A literature review revealed 7 published studies that evaluated the prevalence of an anconeus epitrochlearis in asymptomatic individuals: 6 by cadaveric study and 1 by MRI of asymptomatic volunteers. 2, 3, 5, [8] [9] [10] 16 epitrochlearis, and 98 of these patients had an anconeus epitrochlearis present. The presence of an anconeus epitrochlearis occurred significantly more frequently (p < 0.001) in the asymptomatic population (15.5%) than in the population of patients who underwent operative intervention for cubital tunnel syndrome (5.4%).
Discussion
Ulnar nerve compression can also occur at the wrist as the nerve passes beneath the palmar carpal ligament to enter Guyon's canal. A much rarer scenario involves compression of a nerve by a hypertrophied muscle secondary to overuse. An example of this form of compression neuropathy is median neuropathy secondary to compression by the 2 heads of the pronator teres as the nerve passes between them.
An anatomical variant about the elbow is the presence of an anconeus epitrochlearis. This muscle spans from the medial epicondyle to the olecranon process and replaces Osborne's ligament. The presence of an anconeus epitrochlearis has previously been suggested as a risk factor for cubital tunnel syndrome. We hypothesized, however, that by replacing a rigid ligamentous band (Osborne's ligament) with a more forgiving muscular structure (an anconeus epitrochlearis) the presence of an anconeus epitrochlearis may actually protect against the development of cubital tunnel syndrome. Furthermore, we hypothesized that in instances of compression of the ulnar nerve from an anconeus epitrochlearis, the source is likely to be hypertrophied muscle and thus is more likely to occur in the dominant arm.
We retrospectively reviewed 168 consecutive ulnar nerve decompressions. We found the prevalence of an anconeus epitrochlearis to be 5.4% among patients who underwent operative decompression. Our findings are in line with previous reports from Gervasio et al. and St. John, who reported prevalences of anconeus epitrochlearis of 3.2% (5 of 156 patients) and 1.9% (4 of 215 patients), respectively, among patients who underwent ulnar nerve decompression. 7, 18 In a cohort of historical controls that consisted of asymptomatic individuals, the prevalence of an anconeus epitrochlearis was 15.5%. One would expect that if an anconeus epitrochlearis is a risk factor for cubital tunnel syndrome, it would be present more frequently in patients with cubital tunnel syndrome: if it is a neutral factor, it would occur with similar frequency; if it is a protective factor, it would occur less frequently in patients with cubital tunnel syndrome than in asymptomatic individuals. We found that an anconeus epitrochlearis was present significantly less often in patients with cubital tunnel syndrome than in asymptomatic controls. We hypothesize that the mechanism of protection may be that this muscle decreases the rigidity of the entrance into the cubital tunnel.
In patients with an anconeus epitrochlearis, we found that 88.9% developed cubital tunnel syndrome in their dominant arm, while cubital tunnel syndrome occurred in the dominant arm 50.9% of the time in patients who did not have an anconeus epitrochlearis. Cubital tunnel syndrome occurred significantly more frequently in the dominant arm in patients with an anconeus epitrochlearis in comparison with those without this anatomical variant. We believe that when an anconeus epitrochlearis is the source of compression of the ulnar nerve then it likely occurs by direct compression from a hypertrophied muscle. Hypertrophy of the anconeus epitrochlearis is more likely to occur with repetitive use, which often occurs in the dominant arm. Further data are needed to fully support this hypothesis. Morgenstein et al. previously reported 4 cases of ulnar neuropathy secondary to a hypertrophied anconeus epitrochlearis resulting from occupations that required repetitive forceful extension of the elbow or prolonged periods of elbow flexion. 13 Li et al. previously reported a series of 3 baseball pitchers who developed medial elbow pain and cubital tunnel syndrome secondary to hypertrophied anconeus epitrochlearis muscles. 12 These reports support our hypothesized mechanism of anconeus epitrochlearis-induced ulnar neuropathy.
The anconeus epitrochlearis is thought by some to be an abnormal extension of the medial portion of the triceps muscle, but contrary to the triceps muscle it is always in- nervated by the ulnar nerve. 8 The anconeus epitrochlearis, when present, forms the roof of the cubital tunnel, replacing Osborne's ligament. In fact, Testut has suggested that Osborne's ligament is a fibrous remnant of the anconeus epitrochlearis that remains after the muscle regresses. 8 In cases where a hypertrophied anconeus epitrochlearis is found to be the source of compression, complete excision of the muscle and any coexisting prominent portion of the medial head of the triceps has been shown to improve the symptoms of ulnar nerve compression. 7, 15 Subluxation of the ulnar nerve may predispose one to the development of cubital tunnel syndrome by exacerbating the movement of the ulnar nerve relative to the fibrous intermuscular septum and Osborne's ligament that constrain the ulnar nerve, though this phenomenon has not been clearly demonstrated. Dellon previously reported that in 18 cadavers with an anconeus epitrochlearis present, none had ulnar nerve subluxation. 5 He further found that the presence of an anconeus epitrochlearis was associated with the medial head of the triceps covering the ulnar nerve. He used these findings to suggest that the presence of an anconeus epitrochlearis may protect the ulnar nerve from subluxation. In the present study, we found that none of the patients with an anconeus epitrochlearis had ipsilateral ulnar nerve subluxation. In comparison, 13.2% of patients without an anconeus epitrochlearis had subluxation of the ulnar nerve. This difference did not reach statistical significance, but with further data we believe that this trend may be borne out. If subluxation of the ulnar nerve does in fact predispose one to developing cubital tunnel syndrome, and the anconeus epitrochlearis prevents subluxation, this may be another mechanism by which the presence of an anconeus epitrochlearis is protective against cubital tunnel syndrome.
We have observed anecdotally that some surgeons use the presence of an anconeus epitrochlearis as an indication for ulnar nerve decompression, or at least when the diagnosis is in question the presence of an anconeus epitrochlearis will tip them in favor of surgical decompression of the ulnar nerve. However, our data suggest that the simple presence of an anconeus epitrochlearis should not be used as a surgical indication. In fact, an anconeus epitrochlearis may be protective against ulnar neuropathy. In specific instances, the anconeus epitrochlearis may be a point of compression of the ulnar nerve. However, in most cases, and in the absence of convincing ulnar neuropathy, the ulnar nerve should not be explored simply because an anconeus epitrochlearis is present.
Biomechanical data are lacking to support the hypotheses put forth in this study. Biomechanical studies that examine intraneural pressure within the ulnar nerve when an anconeus epitrochlearis is present versus absent, both statically and throughout dynamic range of motion, may help support or refute the hypothesis that an anconeus epitrochlearis reduces pressure on the ulnar nerve as it enters the cubital tunnel. Furthermore, biomechanical studies examining the excursion of the ulnar nerve throughout the range of motion when an anconeus epitrochlearis is present versus absent will help support or refute the hypothesis that an anconeus epitrochlearis reduces the risk of ulnar nerve subluxation. Larger series of patients with ulnar neuropathy secondary to a hypertrophied anconeus epitrochlearis are needed to determine the relationship of this compressive lesion to the dominant arm and activities that require repetitive forceful elbow extension or prolonged elbow flexion.
One particular weakness of the current study is the heterogeneous nature of the historical control population. The group is heterogeneous in a number of ways. First, there is wide variance in the reported prevalence of an anconeus epitrochlearis, suggesting a heterogeneous population or inconsistencies between groups in what was considered an anconeus epitrochlearis. In addition, there is heterogeneity in the method used: cadaveric studies versus MRI. In cadaveric studies, one cannot be sure that those included were truly asymptomatic without any degree of ulnar neuropathy. So, while we are considering them as asymptomatic controls, this cannot be guaranteed. Because of the limitations of the control group, the group is not directly comparable to our experimental group, thus making the findings of this study preliminary ones that require further exploration and support. In the future, more direct comparisons, such as those obtained by performing MRI in consecutive symptomatic patients and asymptomatic volunteers, may help support or refute these findings. Furthermore, such a study may also allow us to determine if symptomatic patients with an anconeus epitrochlearis do in fact have a hypertrophied muscle in the dominant arm.
Conclusions
While further studies are certainly needed, and the data presented here are preliminary, we believe our data support the notion that the anconeus epitrochlearis is a protective factor against developing cubital tunnel syndrome and support the concept that when an anconeus epitrochlearis is the source of cubital tunnel syndrome it is likely secondary to hypertrophy of the muscle from repetitive use. We believe these findings should be used as preliminary data to support further endeavors that will help support or refute our hypotheses put forth in this study.
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